
Appendix E 
 

Cormix Modeling  
 
Background 
When DEQ considers authorizing a mixing zone that exceeds 25% of the volume of the 
receiving water, a mixing zone study may be performed to learn more about the effluent plume.  
Cormix is the model developed by EPA for the analysis of wastewater discharges.  This study 
was prompted because the draft permit added a first time effluent limit for phosphorus that 
would require a mixing zone greater than 25%.  Three scenarios were modeled; the first two 
attempt to to depict conditions during June and July using a high phosphorus effluent 
concentration.  Results of these two scenarios prompted a third scenario which uses a lower 
phosphorus concentration along with a slightly lower flow to capture conditions typical during 
August and early September.  Although not ideal, results of the third scenario impacted 
beneficial uses the least while allowing the currently permitted amount of phosphorus to be 
discharged. 
 
Discussion 
Three different scenarios were modeled to examine the behavior of the effluent plume 
discharged from the Sandpoint Wastewater Treatment Plant.  The effluent is discharged through 
a 3 foot diameter pipe laid on the bed of Pend Oreille River.  It is positioned perpendicular to the 
riverbank in the vicinity of Birch Street and S. Ella Avenue in Sandpoint, Idaho.  The pipe 
extends 925 feet into the river and is equipped with a 164 foot multiport diffuser.   
 
Summer months are significant in that phosphorus from this discharge will be utilized by aquatic 
plants and algae which could adversely affect recreational uses of the river.  The summer season 
is also when low flow conditions can occur and are the most challenging for mixing effluent 
while meeting provisions of the Idaho Water Quality Standards for mixing zones.  Specifically, 
the WQS under IDAPA 58.01.02.060.01 state: 
 
b. The mixing zone is to be located so it does not cause unreasonable interference with or danger to 
existing beneficial uses. (7-1-93) 
c. When two (2) or more individual mixing zones are needed for a single activity, the sum of the areas 
and volumes of the several mixing zones is not to exceed the area and volume which would be allowed 
for a single zone; (7-1-93) 
d. Multiple mixing zones can be established for a single discharge, each being specific for one (1) or 
more pollutants contained within the discharged wastewater; (7-1-93)  
e. Mixing zones in flowing receiving waters are to be limited to the following: (7-1-93)  

i. The cumulative width of adjacent mixing zones when measured across the receiving water is 
not to exceed fifty percent (50%) of the total width of the receiving water at that point; (7-1-93)  
ii. The width of a mixing zone is not to exceed twenty-five percent (25%) of the stream width or 
three hundred (300) meters plus the horizontal length of the diffuser as measured perpendicularly 
to the stream flow, whichever is less; (7-1-93)  
iii. The mixing zone is to be no closer to the ten (10) year, seven (7) day low-flow shoreline than 
fifteen percent (15%) of the stream width; (7-1-93)  
iv. The mixing zone is not to include more than twenty-five percent (25%) of the volume of the 
stream flow; (7-1-93)  

f. Mixing zones in reservoirs and lakes are to be limited to the following: (7-1-93)  



i. The total horizontal area allocated to mixing zones is not to exceed ten percent (10%) of the surface 
area of the lake; (7-1-93)  
ii. Adjacent mixing zones are to be no closer than the greatest horizontal dimension of any of the 
individual zones; (7-1-93)  
g. The water quality within a mixing zone may exceed chronic water quality criteria so long as chronic 
water quality criteria are met at the boundary of any approved mixing zone. Acute water quality criteria 
may be exceeded within a zone of initial dilution inside the mixing zone if approved by the Department. 
(3-23-98)  
h. Concentrations of hazardous materials within the mixing zone must not exceed the ninety-six (96) hour 
LC50 for biota significant to the receiving water's aquatic community. (7-1-93) 
 
The Pend Oreille River is regulated by the Albani Falls dam operated by the Army Corps of 
Engineers.  A summer pool is maintained after spring runoff until early September when Pend 
Oreille Lake and the Pend Oreille River above the dam are drawn down for power generation.  
At the point of discharge the river is approximately 1.8 miles wide but within approximately 1.3 
miles narrows considerably.  Upstream of the discharge, a mile long earthen jetty extends from 
the north riverbank carrying US Highway 95 across the river.  This jetty creates an opening of 
approximately 1.1 miles for river passage.  The discharge is located in an area protected from the 
main river flow by the jetty.    
 
The WQS contain a narrative standard for nutrients which includes phosphorus.  This narrative 
standard has been interpreted by EPA to be an in-river target of 10µg/L and the background 
concentration from Pend Oreille Lake as 7.3µg/L (Fact Sheet Appendix E) along with river flow 
values that do not represent critical low flows.  These numbers could vary such as a river target 
concentration of 12µg/L, a background concentration of 9µg/L combined with critical low river 
flow; however, for consistency we used values from the Fact Sheet. 
 
The resulting plume from each of the Cormix model runs is overlain on an aerial photo of the 
river at the point of discharge (Images 1 and 2).  The Cormix Session Report for each of the three 
runs follows the respective image.  The session reports list the specific parameters used for each 
of the model runs.  Site specific information on velocity of the river in the vicinity of the diffuser 
during various times of the summer was not available so estimates were made based on flow data 
and other available physical measurements.  

Image 1 shows the result of varying the flow of the river from 13,858 to 28,000 cfs and an 
effluent concentration of phosphorus for both plumes set at 3290µg/L.  To put the flow values 
into context, the average river flow during July (1990-2012) was 26,396 cfs.  The phosphorus 
value of 3290µg/L was selected to examine the scenario of allowing 50% of the river volume at 
this location to be used for mixing. The corresponding effluent limit with a 50% mixing zone 
would be 3290µg/L.  This additional load of phosphorus would give the WWTP added 
flexibility.  Also in Image 1, the green dot represents the diffuser, and the shaded area, the size of 
the mixing zone for each modeled condition.  Both results indicate that the mixing zone 
encompasses the full width of the river before phosphorus is diluted down to 10µg/L.  The 
Cormix model is unable to show the plume bending down river as it encounters the main river 
flow as it comes under the Long Bridge but in reality, the plume bends and heads towards Dover.  
This is illustrated by the red lines. 
 



Image 2 shows the model result using an average August river flow of 12,171cfs with warmer 
water both on the bottom and surface.  A lower phosphorus effluent limit of 2868µg/L was used 
which requires 43.5% of the river volume for dilution.  This limit approximates the currently 
discharged amount of phosphorus from the WWTP but does not allow for future increases of 
phosphorus loading to the river.  In Image 2 the effluent plume is shaded in green.  In 
comparison with the previous two scenarios in Image 1, the area of the mixing zone is smaller 
due to the lower phosphorus concentration.  Also, under this scenario due to the lack of 
temperature stratification from the bottom to the surface of the river and a weak current (typical 
for August), the plume rises slowly and begins to spread out.  The pattern of spread is subject to 
localized currents from various forces such as shape of the river, wind, rainfall, boat traffic, etc. 
The black arrows attempt to show where these localized currents might be located due to the 
shape of the river.  The Cormix model cannot predict the exact shape and size of this plume 
under these conditions.   Localized currents would play a lesser role under conditions with a 
higher velocity main river flow. 
 
In conclusion, each of the three scenarios results in the plume extending for more than 50% of 
the width of the river, occupying more than 25% of the volume of the river and traveling along 
the river bank shortly after leaving the diffuser.  These characteristics are contrary to WQS 
mixing zone policy.  The area affected by the mixing zone is highly developed recreational 
properties and urban waterfront.  The third scenario reduced these impacts but did not eliminate 
them. 
 
 
  



 
  



Low Velocity High Phosphorus Cormix Session Report 

 
  



 



 



 



 



 



 
 



 
  

High Velocity, High Phosphorus Cormix Session Report 



 



 



 



 



 



 
  



 
  

August Conditions, Low Phosphorus Cormix Session Report 



 



 



 



 



 



 
 


